there are still a number of studies remaining of inadequate quality, and it is here that the use of contrast agents comes into its own. 3 A number of studies have now been performed looking at the effect of contrast on assessment of cardiac regional and global function. This paper reviews the current and future clinical use of ultrasound contrast agents for assessment of left ventricular function.
DEVELOPMENT OF CONTRAST AGENTS AND IMAGING TECHNIQUES
The first licensed contrast agent in the UK was Levovist (Schering, Germany) and has now been followed by Optison (Amersham, UK) and Sonovue (Bracco, Italy) which are licensed for left ventricular opacification. Although infusions are preferential for assessment of myocardial perfusion, bolus injections of agents may be satisfactory for left ventricular opacification in many cases. In tandem with the development of contrast agents have been advances in imaging modalities. The first contrast specific modalities were harmonic imaging and harmonic power Doppler, which both use a relatively high transmit power leading to bubble destruction. Optimal imaging therefore requires triggered imaging. Second harmonic imaging enhances contrast effect compared to fundamental imaging and has been used for border definition using real-time imaging. 4 However, it also leads to bubble destruction and artefacts. Latest developments such as power modulation and power pulse inversion, which are low power techniques and non-destructive, allow for real-time imaging without the limitations of harmonic imaging and with less contrast. As tissue returns are not displayed, unlike with high powered techniques, they are ideal for accurately delineating the left ventricular borders.
CLINICAL APPLICATIONS
Left ventricular volume assessment Accurate assessment of left ventricular volumes requires adequate endocardial border delineation. Despite harmonic imaging, endocardial visualisation may still be inadequate; in one study this technique alone was insufficient to allow accurate determination of LVEF in 38% of difficult-to-image patients. 2 In a study by Hundley and colleagues, 3 volumetric assessment by echocardiography using Optison was compared to magnetic resonance imaging (MRI). They found correlation coefficients between echocardiographic and MRI techniques for end diastolic volume, end systolic volume, and ejection fraction . 0.92. Following contrast injections, the 95% confidence intervals for all three parameters were significantly smaller. However, it is important to remember that even following contrast injection, two dimensional (2D) echocardiographic derived volume data are dependent on accurate orientation of the scanning plane; foreshortening of the left ventricular cavity will lead to significant underestimation of volumes.
Left ventricular thrombus
Currently transthoracic echocardiography is the standard diagnostic procedure for the diagnosis of left ventricular thrombus and has been reported to have a sensitivity and specificity of 95% and 86%, respectively. 5 However, between 15-46% of echocardiograms are suboptimal in terms of quality for the identification of thrombus. 6 7 Native imaging suffers from near field artefacts, where apical left ventricular thrombi are usually located in the apical views. The use of contrast has been shown to improve the diagnostic yield in patients with suboptimal native images, allowing 90% of initially non-diagnostic images to become diagnostic (fig 1) .
Stress echocardiography and regional assessment
The assessment of regional wall motion at rest is important not just as the prelude to stress echocardiography; the presence of resting wall motion abnormalities has prognostic importance following myocardial infarction. Figure 2 demonstrates the extent of endocardial definition that contrast can provide. Stress echocardiography is recognised to be one of the most demanding techniques to learn in echocardiography but has been shown to have a high sensitivity and specificity for coronary heart disease. 8 However, it is currently an entirely subjective assessment of regional wall motion and is dependent on the quality of the images recorded. Previous studies have shown that good endocardial visualisation is required for reliable assessment of regional wall motion. Images are worse during stress because of cardiac movement and also hyperventilation. In one study looking at interinstitutional observer agreement during dobutamine stress echocardiography, agreement of the presence of an abnormality on stress echocardiography was 73% for all studies but 100% when considering only images with the highest image quality and 43% for the lowest quality. 9 Clinical studies have shown the benefit of contrast in improving image quality, percentage of wall segments visualised, and confidence of interpretation of regional function both at rest and at peak stress. 10 Automatic boundary detection for volume and regional wall assessment The standard echocardiographic technique for left ventricular volume assessment is manual tracing of endocardial borders and volume calculation using Simpson's method. However, this is time consuming and tedious, although the use of 2 Automatic boundary detection obviating the need for manual tracing has been a goal for a number of years, but with native images numerous techniques have failed to track adequately. With contrast and low power techniques we have the ideal conditions for these automatic boundary detection algorithms to work. Acoustic quantification (AQ) is one technique for boundary detection. This was found to be more accurate at left ventricular volume assessment with contrast compared to AQ on native images. 11 Another recent study using a different boundary detection technique has shown similar results to manual tracing in 51 patients undergoing contrast echocardiography using power harmonic imaging and bolus injections of Levovist, 12 with good correlation to volumes from radionuclear angiography. Initial results from an automatic boundary detection algorithm currently in use in our centre have shown the ability to improve interobserver and intraobserver variability in the assessment left ventricular volumes compared to hand tracing (fig 3) . The same software can also provide colour coded information on regional motion (fig 4) .
Three dimensional echocardiography
The obvious benefits of the use of contrast in 2D echocardiography will soon be extended to three dimensional (3D) echocardiography. The precise geometric data from 3D echocardiography based upon the attainment of multiple 2D images and interpolation into a 3D dataset allows for more detailed studies of valvar and congenital heart disease. Initial studies used free-hand imaging, whereby a standard 2D probe was fanned across the heart and 3D reconstruction was performed off-line. The advent of real-time 3D echocardiography will reduce the limitations seen with 2D echocardiography, in particular the inability of 2D echocardiography to display complex left ventricular geometry such as with aneurysms. Already, 3D volumetric analysis has been shown to be more accurate than 2D studies with reduced inter-operator variability, 13 and this is likely to be due to the assumption of symmetrical left ventricular geometry with 2D techniques. 14 However, 3D imaging still has limitations relating to image quality and also the time consuming and cumbersome volume analysis requiring hand tracing of multiple short axis left ventricular slices. 3D echocardiography is therefore the ideal imaging modality to use synergistically with contrast agents. The accurate measurements provided by 3D techniques, coupled with the enhanced endocardial border identification provided by contrast agents, lead to a quick and effective method of assessment of left ventricular function. The opportunity to perform automatic analysis of a 3D dataset is now available.
CONCLUSION
Contrast left ventricular opacification improves the proportion of segments visualised at rest and with stress. It also improves volumetric assessment compared to native images. The improvement in boundary delineation has allowed for the development of a number of different techniques for automatic boundary detection, which should in the future shorten the time for volumetric assessment and may lead to the holy grail of regional and global assessment-automatic and quantitative results. The future potential of combined 3D imaging with contrast has the potential of similar 3D dataset as from MRI, but with a shorted acquisition time and studies to assess this are currently ongoing. Figure 4 Colour coded images of regional function in normal and abnormal studies using automatic boundary detection. Colour scale represents displacement of endocardium compared to a central geometric template (blue outwardsthat is, dyskinetic, green peak inwards) over a cardiac cycle in a four chamber image. Upper image normal, lower globally impaired with akinetic apex and hypokinetic basal and mid segments. BS, MS, AS = basal, mid, apical septum, respectively; AL, ML, BL = apical, mid, basal lateral wall, respectively.
